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ABSTRACT 

A review of AAP sof tware  requirements  f o r  t h e  CMC 
and LGC was h e l d  a t  MIT on June 1 0 ,  11 and 12 a t  which t i m e  
MIT p re sen ted  f u n c t i o n a l  d e s c r i p t i o n s  of  t h e  so f tware  and 
s imula t ion  r e s u l t s .  The more s i g n i f i c a n t  conclus ions  were: 

1. The CSM DAP w i l l  c o n t r o l  a l l  f o u r  AAP conf igura-  
t i o n s ;  w i l l  opera te  i n  t h e  f r e e ,  a t t i t u d e  h o l d ,  
o r  automatic  mode; and allow t h e  choice of  t o rque  
couple o r  t r a n s l a t i o n  j e t  c o n t r o l  f o r  p i t c h  and 
yaw i n  the c l u s t e r  c o n f i g u r a t i o n s .  Jet select  
logic  w i l l  compensate f o r  announced j e t  f a i l u r e s  
and t o l e r a t e  a t  l e a s t  one unannounced f a i l u r e .  
N o  automatic  d e t e c t i o n  and d i agnos i s  of j e t  
f a i l u r e s  w i l l  be implemented - a s t r o n a u t s  are 
p r e s e n t .  

2. MIT favors  u s e  of modified LM a s c e n t  guidance 
equa t ions  f o r  t h e  SPS i n s e r t i o n  because of t h e  
s i m i l a r i t y  of t h e  LM equat ions  wi th  t h e  launch 
v e h i c l e  I G M  guidance. 
which i s  c u r r e n t l y  b a s e l i n e d  has  n o t  been r u l e d  
o u t  by MIT. 

However, Hohmann guidance 

3 .  During OWS o r b i t  c i r c u l a r i z a t i o n  by t h e  CSM, 
a c c e l e r a t i o n  i s  s o  low t h a t  PIPA q u a n t i z a t i o n  
and bias p r e s e n t  s p e c i a l  problems. 
external-Av s t e e r i n g  l a w  performs w e l l .  S p e c i a l  
j e t  i n h i b i t i o n  l o g i c  i n  the  DAP minimizes bending 
mode e x c i t a t i o n .  

b 

A modif ied 

4 .  The LGC DAP i s  be ing  designed t o  c o n t r o l  t h e  
LM/ATM a lone  only.  MIT w i l l  s tudy  m e a n s  f o r  
d e a c t i v a t i o n  qu i  ckly a f t e r  docking . 
cated automatic  d e t e c t i o n  and i s o l a t i o n  of 
j e t  f a i l u r e s  w i l l  be inc luded .  
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Rendezvous r a d a r  a c q u i s i t i o n  and lock-on i s  
a s su red ,  even wi thout  ground update ,  based on 
t h e  nominal LM/ATM and OWS s t a t e  vectors loaded 
be fo re  launch.  Sidelobe lock-on i s  e n t i r e l y  
accep tab le  because angle  b ias  errors are a c c u r a t e l y  
estimated by t h e  nav iga t ion  equat ions .  

MIT s t a t i o n  keeping s imula t ions  i n d i c a t e  t h a t  t h e  
LM can s u c c e s s f u l l y  nav iga te  a t  reasonable  d i s -  
t a n c e s  (200 t o  800 f t ) .  At t h e s e  ranges s t a t i o n  
keeping w i l l  r e q u i r e  15 f t /sec f o r  a LM p o s i t i o n  
above the  OWS and 7 f t / s e c  i f  t h e  LM i s  ahead of 
t h e  OWS. 
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In t roduc t ion  

Beginning June 1 0 ,  MIT/IL p re sen ted  a 2-1/2 day 
review of t h e i r  c u r r e n t  s t a t u s  i n  developing software f o r  
AAP. Attendees were from MSC, North American Rockwell ,  TRW, 
McDonnell Douglas, Grumman, and B e l l c o m m .  The au tho r s  r ep re -  
s e n t e d  Bellcomm. 

The p r e s e n t a t i o n s  dea l t  w i t h  t h e  f u n c t i o n a l  r equ i r e -  
ments t h a t  must be implemented i n  t he  Command Module Computer 
(CMC) and t h e  LM Guidance Computer (LGC).  The coverage w a s  
thorough and inc luded  cons iderable  de t a i l ,  i n d i c a t i n g  t h a t  
MIT has  been able t o  redeploy s i g n i f i c a n t  e f f o r t  from Apollo 
t o  AAP. While t h i s  meeting w a s  l o o s e l y  c a l l e d  a Pre l iminary  
Design Review, it was i n  f a c t  an informal  p r e s e n t a t i o n  and 
disCusSiGn. A few questions w e r e  i d e n t i f i e d  f o r  f u t u r e  
r e s o l u t i o n .  MIT i n t e n d s  t o  cont inue  the  d e f i n i t i o n  of func- 
t i o n a l  requirements  and t o  have a pre-coding design completed 
by the end of August 1 9 6 9 .  

_ .  

Changes t o  t h e  cu r ren t  CMC and LGC programs w e r e  
i d e n t i f i e d  and descr ibed .  T h e  AAP ver s ions  w e r e  dubbed 
COMMUTER and SOLARSPY i n  place of COLOSSUS and LUMINARY. A 
meeting agenda i s  attached and handouts f o r  each p r e s e n t a t i o n  
are a v a i l a b l e  from t h e  authors .  

CSM Mission Operat ions Planning 

The AAP CMC programs and r o u t i n e s  w i l l  d i f f e r  from 
Apollo g e n e r a l l y  a s  follows: 

1. All programs and r o u t i n e s  r equ i r ed  for guidance and 
nav iga t ion  only f o r  a l u n a r  mission w i l l  be  d e l e t e d .  

2 .  Routines r equ i r ed  f o r  AAP missions such as SPS 
i n s e r t i o n  t o  o r b i t ,  OWS/CSM o r b i t  c i r c u l a r i z a t i o n ,  
and grav i ty -g rad ien t  o r i e n t a t i o n  c a l c u l a t i o n s  w i l l  
be added. 
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3 .  The CMC must be capable of c a l c u l a t i n g  t h e  CSM 
rendezvous w i t h  t h e  OWS as w e l l  as provid ing  
s o l u t i o n s  f o r  the LM/ATM rendezvous as a backup. 
The programs requi red  may d i f f e r  somewhat from 
t h e  c u r r e n t  Apollo c o l l e c t i o n .  

CSM D i g i t a l  Au top i lo t  (DAP)  Design S p e c i f i c a t i o n s  

The DAP w i l l  be capable of provid ing  a l t i t u d e  con- 
t r o l  f o r  fou r  M P  conf igu ra t ions :  

I .  CSM alone 

11. CSM/LM-ATM (decoupled mission)  

111. CSM/OWS 

I V .  CSM/OWS/LM-ATM 

The DAP w i l l  have three modes of ope ra t ion  and w i l l  
have parameters t o  a l low it  t o  func t ion  p rope r ly  f o r  each of 
t h e  fou r  AAP c o n f i g u r a t i o n s .  The mode of ope ra t ion  i s  selected 
by a swi tch  from among t h r e e  p o s s i b i l i t i e s :  

1. Free Mode - t h e  DAP w i l l  n o t  provide a t t i t u d e  

t r a n s l a t i o n  hand c o n t r o l l e r  (THC) i n p u t s  w i l l  
be t r e a t e d  a s  d i r e c t  a c c e l e r a t i o n  commands. 
Minimum impulse torques a r e  a l s o  available.  

_ .  

ce f i t r~ l .  Rotatior; h a ~ d  coiiti-oiier [iiiicj and 

2 .  A t t i t u d e  Hold Mode - t h e  DAP w i l l  ho ld  i n e r t i a l  
a t t i t u d e  and respond t o  manual commands v i a  the 
hand c o n t r o l l e r s .  

3 .  Automatic Mode - t h e  DAP w i l l  provide a t t i t u d e  
c o n t r o l  a s  d i r e c t e d  by guidance r o u t i n e s  : how- 
e v e r ,  manual a t t i t u d e  r a t e  commands w i l l  over- 
ride automatic  commands. 

I n  all modes, t r a n s l a t i o n  commands w i l l  be combined w i t h  r o t a -  
t i o n  commands s o  as t o  produce t h e  t r a n s l a t i o n a l  f o r c e s ;  
however, a t t i t u d e  c o n t r o l  commands w i l l  have p r i o r i t y  over  
t r a n s l a t i o n a l  commands. I n  Configurat ions 11, 111, and I V ,  
Y and Z t r a n s l a t i o n  i s  d i f f i c u l t  i f  n o t  impossible  due t o  t h e  
o f f s e t  cg l o c a t i o n .  There may be no response t o  Y o r  Z THC 
i n p u t s ,  b u t  this i s  n o t  y e t  f i rmly  e s t a b l i s h e d .  

The DAP w i l l  continue t o  func t ion  " e f f i c i e n t l y "  w i t h  
an o f f  f a i l u r e  of any s i n g l e  j e t  or  quad provided t h i s  i n f o r -  
mation i s  manually i n s e r t e d  v i a  the DSKY.  MIT accepts  t h e  
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design requirement t o  maintain a t t i t u d e  c o n t r o l  i n  t h e  face 
of one j e t  f a i l e d  on. N o  automatic j e t  f a i l u r e  d e t e c t i o n  
l o g i c ,  on o r  o f f ,  w i l l  be included;  the a s t r o n a u t s  can per-  
form t h a t  func t ion .  

E i t h e r  t o rque  couples o r  Y-Z t r a n s l a t i o n  je ts  may 
be manually s e l e c t e d  f o r  p i t c h  and yaw c o n t r o l  i n  Configura- 
t i o n s  11, 111, and I V .  However, i f  t h e  chosen mode i s  
rendered i n e f f e c t i v e  by f a i l e d  j e t s ,  t h e  l o g i c  au tomat i ca l ly  
reverts t o  t h e  o the r  mode. 

Modif icat ion of t h e  A ~ o l l o  CSM DAP f o r  AAP 

The DAP computations are r epea ted  every  0 . 1  sec and 
c o n s i s t  of three main s e c t i o n s :  t h e  s t a t e  e s t i m a t o r ,  t h e  phase 
p lane  l o g i c ,  and the j e t  select l o g i c .  

The s t a t e  e s t i m a t o r  i s  a r e c u r s i v e  f i l t e r  o p e r a t i n g  
on gimbal angle  readings  t o  e s t i m a t e  body angle ,  ra te ,  and 
a c c e l e r a t i o n .  T h i s  s o p h i s t i c a t e d  approach i s  needed t o  f i l t e r  
o u t  e f f e c t s  of v i b r a t i o n  and angle  q u a n t i z a t i o n .  The f i l t e r  
accounts  fo r  expected angular  a c c e l e r a t i o n  f o r  commanded je t  
f i r i n g s .  For AAP, a c c e l e r a t i o n  w i l l  be e s t ima ted  i n  a d d i t i o n  
t o  angle  and angle  r a t e  and t h e  smoothing t i m e  w i l l  be appro- 
p r i a t e l y  inc reased .  An output  va lue  d i f f e r e n t  from zero  w i l l  
be a measure of unmodeled angular  a c c e l e r a t i o n  such as g r a v i t y  
g r a d i e n t ,  aerodynamic, o r  unknown f a i l e d  j e t  torques .  

Inpu t  angle  d a t a  t o  t h e  f i l t e r  w i l l  be t e s t e d  a g a i n s t  
a t h r e s h o l d  and t h e  f i l t e r  w i l l  respond only when t h e  measure- 
ments d e v i a t e  s i g n i f i c a n t l y  from t h e  va lue  p r e d i c t e d  i n  the 
model. This  n o n - l i n e a r i t y  w i l l  t e n d  t o  make t h e  f i l t e r  insen-  
s i t i v e  t o  o s c i l l a t o r y  i n p u t  d a t a  due t o  v e h i c l e  bending modes 
and make t h e  s t a t e  estimate correspond t o  t h e  average s ta te  
of the e n t i r e  c l u s t e r ,  r a t h e r  than t o  l o c a l  cond i t ions  w i t h i n  
t h e  CM. 

The phase plane l o g i c  uses  c u r r e n t  va lues  from the 
s t a t e  e s t i m a t o r  of angle  and angle  ra te  t o  decide w h e t h e r  j e t  
f i r i n g s  are r equ i r ed .  T h i s  l o g i c  f o r  AAP w i l l  be e s s e n t i a l l y  
t h e  same a s  for  Apollo. A modi f ica t ion  t o  t h e  shape of t h e  
swi t ch ing  l i n e s  may be necessary i f  t h e  dead band i s  reduced 
f r o m  +0.5 degrees  t o  +0.2 degrees.  However, t h e  same g e n e r a l  
shape-will be used f o r  a l l  four  AAP conf igu ra t ions  w i t h  d i f -  
f e r e n t  parameter  va lues  used t o  account  fo r  t h e  d i f f e r e n t  
dynamic responses .  

Jet  select  l o g i c  f o r  AAP i s  cons iderably  more com- 
p l i c a t e d  than Apollo due t o  the  f o u r  conf igu ra t ions  and t h e  
cho ice  of torque  couple o r  Y , Z  t r a n s l a t i o n  fo r  p i t c h  and yaw 
c o n t r o l .  A s  p rev ious ly  mentioned, t h e  system w i l l  tolerate 
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c e r t a i n  unknown j e t  f a i l u r e s  and ope ra t e  wi th  s l i g h t  degrada- 
t i o n  when f a i l u r e s  are i d e n t i f i e d .  A new f e a t u r e  w i l l  be 
l o g i c  t o  i n h i b i t  j e t  f i r i n g  about  an a x i s  f o r  a t i m e  (perhaps 
1 0  sec) a f t e r  t h e  previous  c o n t r o l  a c t i o n  about t h a t  a x i s .  
The t i m e  w i l l  be chosen t o  prec lude  e x i t a t i o n  of a l l  known 
resonances by c y c l i c  j e t  f i r i n g .  

Cont ro l  I n t e r a c t i o n  During O r b i t  C i r c u l a r i z a t i o n  

During RCS t h r u s t i n g  t o  c i r c u l a r i z e  t h e  CSM/OWS o r b i t ,  
s t e e r i n g  c o n t r o l  p r e s e n t s  s p e c i a l  des ign  problems due t o  t h e  
low a c c e l e r a t i o n ,  P I P A  quan t i za t ion  and b i a s ,  and l o w  s t r u c t u r a l  
t o l e r a n c e  t o  bending fo rces .  
t o  s t e e r i n g  c o n t r o l .  The s imples t  i s  n o t  t o  s teer  a t  a l l  i n  a 
closed-loop s e n s e ,  b u t  merely t o  a l i g n  t h e  body a x i s  i n  t h e  pre-  
burn Av d i r e c t i o n .  This would r e s u l t  i n  an expected crosswise 
v e l o c i t y  error a t  c u t o f f  of 1 . 3  f t /sec i f  the a t t i t u d e  wandered 
randomly wi th in  t h e  +0.5 deg. deadband, o r  5 .3  f t /sec if d i s t u r -  
bance torques  a c t e d  to produce a l i m i t  cyc l e  5' o f f  c e n t e r ,  o r  
3 .8  f t /sec i n  the even t  of a f a i l u r e  of one of the f o u r  je ts .  
I t  w a s  no ted  t h a t  the +X j e t s  are canted  o u t  10" and it happens 
t h a t  this p u t s  t h e  l i n e  of t h r u s t  j u s t  through t h e  cg. Thus, 
a j e t  f a i l u r e  won ' t  induce any s i g n i f i c a n t  unbalanced torque  
b u t  it w i l l  s i g n i f i c a n t l y  change t h e  e f f e c t i v e  d i r e c t i o n  of  
acceleration. MIT plans no d e t e c t i o n  l o g i c  f o r  t h i s  t ype  of 
f a i l u r e  either, choosing t o  r e l y  on e x t e r n a l  monitoring. 

MIT i n v e s t i g a t e d  s e v e r a l  approaches 

The no - s t ee r ing  e r r o r  can be reduced t o  0 . 1  f t /sec by 
c l o s i n g  t h e  loop, b u t  s p e c i a l  modi f ica t ions  t o  t h e  cross-product  
s t e e r i n g  c a l c u l a t i o n  are needed t o  guard a g a i n s t  quant iza-  
t i o n  problems. Some e a r l y  s imula t ions  w e r e  shown i n  which P I P A  
q u a n t i z a t i o n  i n t e r a c t e d  w i t h  t h e  s t e e r i n g  loop t o  cause very 
e r r a t i c  s t e e r i n g .  MIT recommends c losed  loop s t e e r i n g  w i t h  
a p p r o p r i a t e  f i x e s .  

G&N fo r  CSM/OWS O r b i t  C i r c u l a r i z a t i o n  

Three guidance schemes have been considered f o r  t h e  
o r b i t  c i r c u l a r i z a t i o n  maneuver - Hohmann, P .  E . ,  and e x t e r n a l -  
Av. The s tudy  inc luded  effects  of I M U  e r r o r s ,  i g n i t i o n  d e l a y s ,  
and RCS j e t  f a i l u r e s .  

MIT concluded t h a t  Hohmann and P.  E .  guidance are less 
effect ive than  ex te rna l -  Av guidance i n  c i r c u l a r i z i n g  t h e  CSM/OWS. 
Also external-Av guidance i s  less s e n s i t i v e  t o  i g n i t i o n  t i m e  
de l ays  and has  a more d e s i r a b l e  ra te  command h i s t o r y .  However, 
it i s  proposed t h a t  X-axis s t e e r i n g  be s u b s t i t u t e d  fo r  c ross -  
product  s t e e r i n g  i n  o r d e r  t o  reduce t h e  c ros s -ax i s  errors 
r e s u l t i n g  from P I P A  bias and q u a n t i z a t i o n  no i se .  
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CSM G&N f o r  t h e  SPS I n s e r t i o n  Technique 

MIT has s t u d i e d  p o s s i b l e  guidance schemes f o r  t h e  
AAP SPS i n s e r t i o n  inc lud ing  Hohmann guidance,  semi- la tus  
r ec tum/eccen t r i c i ty  guidance ( P .  E. ) , and LM a s c e n t  guidance.  
The LM a scen t  guidance equat ions  can  be shown t o  be e q u i v a l e n t  
t o  t h e  i t e r a t i v e  guidance mode ( I G M )  equa t ions  used by MSFC 
i n  t h e  launch v e h i c l e .  MIT p r e f e r s  t h e  LM a s c e n t  equa t ions  
over  t h e  I G M  equa t ions  because t h e  LM equa t ions  are s imple r  
and have a l r eady  been programmed by MIT f o r  t h e  LGC. 

MIT has  rejected P.  E .  guidance because it can r e s u l t  
i n  l a r g e  d i f f e r e n c e s  i n  p i t c h  angle  between t h e  vehicle a t t i t u d e  
a t  S-IVB c u t o f f  and i n i t i a l  r equ i r ed  CSM a t t i t u d e  a t  SPS i g n i t i o n .  
Fu r the r ,  P .  E .  guidance f a i l s  t o  o b t a i n  s a t i s f a c t o r y  apogee and 
p e r i g e e  a l t i t u d e s  when there are I M U  and nav iga t ion  errors. 

Hohmann guidance i s  a b l e  t o  o b t a i n  a s a t i s f a c t o r y  
o r b i t  w i t h  off-nominal condi t ions  and system e r r o r s .  MIT has 
n o t  completed off-nominal tes ts  w i t h  t h e  LM ascen t  equa t ions ;  
however, MIT f e e l s  t h a t  t hey  w i l l  ou t  perform t h e  Hohmann 
guidance equa t ions .  Fu r the r  t e s t  r e s u l t s  w i l l  be obta ined  before 
making a f i n a l  dec i s ion .  

CSM-OWS Rendezvous /LM-ATM-OWS Rendezvous 

Naviga t iona l  s t u d i e s  have been performed f o r  t h e  CSM 
rendezvous w i t h  t h e  OWS assuming ground-targeted rendezvous 
phas ing  maneuvers (NCC and NSR) and on-board t a r g e t i n g  from 
T P I  through second midcourse c o r r e c t i o n  - followed by manual 
b rak ing .  I t  w a s  assumed t h a t  t h e  CSM r ece ived  a ground update 
of i t s  s ta te  p r i o r  t o  i n i t i a l i z a t i o n  of t h e  rendezvous sequence 
and t h a t  on-board nav iga t ion  w a s  used throughout  t h e  rendezvous. 

S imula t ions  show t h a t  t h e  CSM can s a t i s f a c t o r i l y  
rendezvous w i t h  t h e  OWS when nav iga t ion  i s  performed w i t h  e i t h e r  
VHF ranging and s e x t a n t ,  VHF ranging a lone ,  o r  s e x t a n t  a lone .  
N o t  s u r p r i s i n g l y ,  t h e  smallest nav iga t ion  e r r o r s  and consequent ly  
smal les t  Av expendi ture  is  obta ined  when us ing  both s e x t a n t  and 
VHF ranging.  

A s tudy  of CSM monitor of LM-ATM rendezvous w a s  a l s o  
conducted. The s tudy  used VHF ranging beginning a t  LM i n s e r t i o n  
and both VHF ranging  and s e x t a n t  t r a c k i n g  from N S R  through t h e  
second midcourse. 
can provide e x c e l l e n t  backup f o r  the  LM i n  case of rendezvous 
r a d a r  f a i l u r e .  

M I T  concluded t h a t  t h e  CSM nav iga t ion  system 
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Modif ica t ions  t o  LM DAP f o r  AAP 

The LM DAP w i l l  have an unmodeled angu la r  accelera- 
t i o n  e s t i m a t o r  f o r  a l l  t h r e e  s p a c e c r a f t  c o n t r o l  a x i s  running 
cont inuous ly ,  i n s t e a d  of e s t i m a t o r s  about Q and R only du r ing  
powered f l i g h t .  The e s t i m a t o r  w i l l  be  used t o  improve t h e  
DAP performance when d i s t u r b i n g  angu la r  a c c e l e r a t i o n s  e x i s t  
and a l so  w i l l  a i d  i n  t h e  d e t e c t i o n  of c e r t a i n  types  of j e t  
f a i l u r e .  Expected torques  due t o  j e t  f i r i n g s ,  i n c l u d i n g  Y-Z 
t r a n s l a t i o n  f i r i n g s  w i l l  be e x p l i c i t l y  modeled. T h e  d i f f e r e n c e  
i n  torque  between +X jets w i t h  plume d e f l e c t o r s  and -X jets 
wi thout  d e f l e c t o r s  w i l l  be accounted for .  

The phase p lane  l o g i c  w i l l  be e s s e n t i a l l y  t h e  same 
as i n  Apollo with some s i m p l i f i c a t i o n s .  The phase p l ane  i s  
d iv ided  i n t o  two s e c t o r s :  ROUGHLAW used when e r r o r s  exceed 
11.25 deg o r  5.625 deg/sec, and FINELAW when they d o n ' t .  N o  
s p e c i a l  phase p lane  i s  needed f o r  t r a n s l a t i o n  burns because 
t h e  t h r u s t  i s  s o  low. The deadband w i l l  be +l. degree.  

The Apollo DAP j e t  se lec t  l o g i c  must be modified t o  
e l i m i n a t e  4-jet simultaneous Y-2 t r a n s l a t i o n  and t o  e l i m i n a t e  
2-jet  P-axis r o t a t i o n s  using j e t s  i n  ad jacen t  quads. Both of 
these changes are t o  prevent  loss of a t t i t u d e  c o n t r o l  f o r  t h e  
AAP LM. I n  a d d i t i o n ,  the j e t  select  l o g i c  w i l l  g ive  a t t i t u d e  
c o n t r o l  p r i o r i t y  over  t r a n s l a t i o n a l  c o n t r o l .  

- 

The manual a t t i t u d e  r a t e  command l i n k  w i l l  be able 
t o  command a s i n g l e  va lue  of angular  rate from t h e  LM DAP. 
There w i l l  be independent channels f o r  rate commands about  
t h e  s e p a r a t e  LM axes. The rate that  w i l l  be commanded w i l l  
be s tored i n  e r a s a b l e  memory and w i l l  be between 0 . 5  and 2 
deg/sec ( t h e  e x a c t  va lue  w i l l  be determined l a t e r ) .  

The DAP w i l l  be able t o  au tomat i ca l ly  avoid a t t i t u d e  
maneuvers which w i l l  r e s u l t  i n  I M U  gimbal lock.  

Automatic j e t  f a i l u r e  d e t e c t i o n  l o g i c  w i l l  be inc luded  
i n  the LM DAP, un l ike  the CM, s i n c e  there are no men p r e s e n t .  
F a i l u r e  d e t e c t i o n  w i l l  be based on excess ive  unmodeled angu la r  
a c c e l e r a t i o n  coming ou t  of t h e  s ta te  e s t i m a t o r .  Any on f a i l u r e  
o r  an of f  f a i l u r e  of a f r equen t ly  used j e t  w i l l  be d e t e c t a b l e .  
A f t e r  d e t e c t i o n ,  t h e  program e n t e r s  a d i a g n o s t i c  phase t o  i so l a t e  
t h e  f a i l u r e .  F i r s t ,  a l l  j e t  f i r i n g s  a r e  suspended t o  look fo r  
an on f a i l u r e .  I f  t h i s  t e s t  i s  n e g a t i v e ,  t e s t  f i r i n g s  a r e  made 
of suspec ted  o f f  f a i l e d  j e t s .  When t h e  f a i l u r e  i s  i so la ted ,  
the p r o p e l l a n t  supply valve i s  c losed ,  t h e  good j e t  of t h e  p a i r  
i s  f i r e d  t o  relieve l i n e  p re s su re ,  marker  b i t s  are s e t  i n  core, 
and normal ope ra t ion  i s  resumed. A l l  t h i s  can take up t o  e i g h t  
seconds and t h e  p r o p r i e t y  of e n t e r i n g  t h e  d i a g n o s t i c  phase du r ing  
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c r i t i c a l  regimes of t h e  f l i g h t  i s  s t i l l  an open ques t ion .  
MIT d o e s n ' t  feel  t h a t  any of t h e  main burns i n  t h e  rendezvous 
p r o f i l e  would be s i g n i f i c a n t l y  degraded by an eight-second 
i n t e r r u p t i o n ,  and s t a t i o n  keeping wouldn ' t  be c r i t i c a l  e i t h e r ,  
b u t  t h e  docking ope ra t ion  probably wouldn ' t  tolerate a suspen- 
s i o n  of c o n t r o l .  The emergency -X t r a n s l a t i o n  swi t ch  would 
s t i l l  work du r ing  t h e  d i a g n o s t i c  suspense because t h a t  s i g n a l  
bypasses  t h e  computer and goes d i r e c t l y  t o  t h e  secondary 
s o l e n o i d s ,  b u t  i f  t h e  computer had p rev ious ly  s h u t  t h e  supply 
va lves  t o  one of those  four  jets, t h a t  j e t  wouldn ' t  f i re .  I f  
t h e  ground c o n t r o l l e r s  t h ink  they  know b e t t e r ,  they can reset 
t h e  f a i l u r e  marker b i t s  and restore f u l l  ope ra t ion ,  b u t  t hey  
c a n ' t  i n h i b i t  t h e  f a i l u r e  d e t e c t i o n  l o g i c  from d e t e c t i n g  t h e  
same f a i l u r e  aga in .  

A l l  t r a n s l a t i o n a l  maneuvers through T P I  w i l l  be made 
w i t h  t h e  +X a x i s  jets.  Only t w o  of t h e  f o u r  jets w i l l  be  used 
a t  a t i m e ;  the DAP w i l l  s w i t c h  p e r i o d i c a l l y  between p a i r s  pro- 
v ided  none are fai led.  

LM DAP Design I n t e g r a t i o n  and Requirements 

and t r a n s l a t i o n a l  c a p a b i l i t y  f o r  the LM-ATM v e h i c l e  on ly .  T h e  
a u t o p i l o t  c o n t r o l  modes a r e  : 

T h e  DAP i s  be ing  designed t o  provide a t t i t u d e  c o n t r o l  

1. Automatic/Atti tude Hold Mode - t h e  DAP w i l l  ho ld  
a t t i t u d e  angles  and r a t e s  as commanded by t h e  
guidance program and w i l l  respond t o  i t s  t r a n s -  
l a t i o n  commands a l s o .  

2 .  Manual/Local V e r t i c a l  Mode - t h e  DAP w i l l  ho ld  an 
a t t i t u d e  w i t h  r e spec t  t o  the local  v e r t i c a l .  The 
guidance program w i l l  have a memory i n  t h e  form of 
a d i r e c t i o n  cosine mat r ix  which r e l a t e s  body axes 
t o  local  v e r t i c a l  axes .  Upon e n t e r i n g  t h i s  mode, 
t h e  DAP w i l l  t r ack  the proper  a t t i t u d e .  Upon 
r e c e i p t  of manual ra te  commands, the DAP w i l l  per -  
f r o m  t h e  r o t a t i o n a l  maneuver as long as t h e  command 
i s  p r e s e n t .  upon t e rmina t ion  o f  t h e  manual command, 
t h e  d i r e c t i o n a l  cos ine  ma t r ix  w i l l  be updated and 
t h e  DAP w i l l  cont inue t o  ho ld  i t s  new a t t i t u d e  w i t h  
r e s p e c t  t o  t h e  l o c a l  v e r t i c a l .  

3 .  Line-of-Sight (LOS) Mode - t h e  DAP w i l l  a l i g n  t h e  
LM +X-axis t o  con t inua l ly  p o i n t  a long  t h e  l ine-of -  
s i g h t  t o  t h e  OWS. T h i s  mode would be used f o r  
manual c o n t r o l  of t e r m i n a l  phase brak ing  as w e l l  
as T P I .  A s  i n  t h e  local v e r t i c a l  mode, W C  i n p u t s  
would cause an a d d i t i v e  body a x i s  r o t a t i o n  ra te .  
On t e rmina t ion ,  t h e  new o r i e n t a t i o n  would be main- 
t a i n e d  w i t h  respec t  t o  t h e  l i ne -o f - s igh t .  
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4 .  Free Mode - t h e  DAP w i l l  be  i n  an o f f  mode and 
w i l l  ignore a l l  t r a n s l a t i o n a l  and r o t a t i o n a l  
commands. The Free Mode w i l l  be r equ i r ed  
immediately upon docking w i t h  t h e  OWS i n  o r d e r  
t o  p reven t  t h e  LM DAP from opposing t h e  OWS/ 
CSM a t t i t u d e  control  system. 

S u i t a b l e  i n i t i a l i z a t i o n  of each of these modes remains an 
open q u e s t i o n ,  as MIT had n o t  been advised  of o p e r a t i o n a l  
requirements .  One reasonable  p o s s i b i l i t y  t h a t  w a s  d i s c u s s e d  
i s  t o  begin  i n e r t i a l  ho ld  a t  whatever o r i e n t a t i o n  t h e  v e h i c l e  
h a s ,  b u t  on i n i t i a t i n g  l o c a l  v e r t i c a l  o r  l i ne -o f - s igh t  h o l d ,  
t o  rotate  immediately t o  p lace  t h e  X a x i s  a long  t h e  r e s p e c t i v e  
r e fe rence  d i r e c t i o n  . 
Rendezvous Radar 

MIT s t u d i e s  show tha t  rendezvous radar ( R R )  main 
lobe lock-on t o  the OWS af ter  i n s e r t i o n  i s  assured .  T h i s  
assumes t h a t  p o i n t i n g  d i r e c t i o n s  are c a l c u l a t e d  from pre-launch 
nominal s t a t e  v e c t o r s  f o r  OWS and LM/ATM. P o i n t i n g  errors due 
t o  a c t u a l  launch d i spe r s ions  and p l a t fo rm misalignment a t  1 0  
min a f t e r  i n s e r t i o n  t o t a l  only 0 . 5 7  deg, 3 a ,  w e l l  w i t h i n  t h e  
2.83 deg r e q u i r e d  f o r  9 9 . 7 4 %  p r o b a b i l i t y  of achiev ing  main 
lobe lock-on. 

Even i f  some anomalous s i t u a t i o n  w e r e  t o  cause a s i d e  
lobe lock-on, no harm would be done. The nav iga t ion  f i l t e r s  
w i l l  be used t o  estimate angle biases a long  w i t h  p o s i t i o n  and 
v e l o c i t y  and s imula t ions  show r a p i d  convergence t o  t h e  correct 
va lue  of about  s i x  degrees.  Any error i n  t h e  s t a t e  vec to r  i s  
the reby  n u l l i f i e d ;  moreover, i f  RR lock i s  i n t e n t i o n a l l y  broken 
and subsequent ly  resumed, main lobe r e a c q u i s i t i o n  i s  a s su red .  

A f t e r  T P I ,  the naviga t ion  system w i l l  s t o p  e s t i m a t i n g  
RR angle  b i a s e s  and begin e s t i m a t i n g  RR range and range ra te  
b i a s e s .  Pre l iminary  s t u d i e s  i n d i c a t e  t h a t  t h e  RR can func t ion  
p r o p e r l y  a t  t h e  d i s t a n c e s  r equ i r ed  f o r  s t a t i o n  keeping. 

The re  i s  a p o s s i b i l i t y  t h a t  RR t rack w i l l  be  broken 
i f  t h e  LM approaches t o  wi th in  130  fee t  of t h e  OWS. I f  t h i s  
happens,  t h e  LM must i nc rease  the s e p a r a t i o n  d i s t a n c e  beyond 
t h i s  t h r e s h o l d  and i n i t i a t e  RR r e a c q u i s i t i o n .  Fu r the r  s t u d i e s  
are r e q u i r e d  t o  a s s e s s  the  e f f e c t s  of a s i d e l o b e  lock-on a t  
these c l o s e  ranges.  

DAP Deac t iva t ion  

The problem of what happens i f  the  LM DAP is  a c t i v e  
a f te r  docking w i t h  t h e  OWS (or  CSM) has n o t  y e t  been s t u d i e d ,  
n o r  has an accep tab le  method of  immediately d e a c t i v a t i n g  t h e  
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LM DAP been determined. 
t o  c o n t r o l  t h e  a t t i t u d e  of a docked conf igu ra t ion .  
t h e  des ign  of  t h e  LM DAP has been completed, MIT w i l l  s t u d y  
how t h e  DAP w i l l  react  when t h e  LM is  i n  a docked c o n f i g u r a t i o n  
w i t h  an active CSM/OWS control system. 
any p o t e n t i a l  dangers due t o  an active LM DAP. 
f r e e i n g  t h e  LM DAP is  a l s o  t o  be s t u d i e d .  

LM/ATM Rendezvous 

The LM DAP i s  n o t  be ing  designed 
A f t e r  

This s tudy  w i l l  reveal 
The problem of  

p o r t i o n .  

1. 

2. 

3 .  

The b a s e l i n e  for AAP-4 rendezvous i s  ground c o n t r o l  

MIT has  performed the fo l lowing  nav iga t ion  s t u d i e s .  

up t o  TPI  and onboard automatic  c o n t r o l  of T P I ,  b rak ing ,  and 
s t a t i o n  keeping wi th  manual backup fo r  the automat ic  c o n t r o l  

Ground c o n t r o l l e d  NCC/NSR c o e l l i p t i c  maneuvers 
wi th  au tomat ic  c o n t r o l  of T P I  and midcourse 
c o r r e c t i o n s .  
MSFN update of t h e  LM s t a t e  and fo r  t o t a l  onboard 
nav iga t ion  of the  LM s t a t e .  

T h i s  s tudy  w a s  performed for  both 

T o t a l  onboard t a r g e t i n g  of rendezvous 
i n s e r t i o n  for s t a b l e  o r b i t  rendezvous 
f o r  p r e s e n t  Apollo c o n c e n t r i c  f l i g h t  p lan  
( C F P ) ,  and f o r  a p o s s i b l e  onboard ve r s ion  of 
t h e  NCC/NSR t a r g e t i n g  r o u t i n e .  

a f t e r  
(SOR)  

Automatic t e rmina l  phase b rak ing  (TPF) f o r  
both Lambert t a r g e t i n g  g a t e s ,  and automatic  
LOS braking .  

The g e n e r a l  conclusion i s  t h a t  t h e  guidance and 
nav iga t ion  system can obta in  s a t i s f a c t o r y  t e r m i n a l  c o n d i t i o n s  
f o r  s t a t i o n  keeping r e g a r d l e s s  of t h e  selected mode of  rendez- 
vous. 
each of t h e  p o s s i b l e  con t ro l  modes, and t h e  f i n a l  choice must 
be based on informat ion  gained from f u r t h e r  s imula t ions .  

A s  u s u a l  there a r e  advantages and disadvantages f o r  

S t a t i o n  Keeping 

MIT proposed an automatic  s t a t i o n  keeping r o u t i n e  i n  
which t h e  LM i s  kep t  i n  a p o s i t i o n  l i m i t  cyc l e  w i t h  r e s p e c t  t o  
t h e  MDA window. 
r e l a t ive  p o s i t i o n  and v e l o c i t y  of the LM wi th  r e s p e c t  t o  t h e  
OWS wi th  c a l c u l a t i o n s  being performed i n  a local v e r t i c a l  
coord ina te  system cen te red  i n  t h e  OWS. Maneuver c o r r e c t i o n s  
would be r equ i r ed  t o  keep the  LM w i t h i n  i t s  l i m i t  cyc l e  a s  
w e l l  as t o  i n s u r e  t h a t  t h e  LM does n o t  exceed t h e  window viewing 
l i m i t s  of 60' and d i s t a n c e  l i m i t s  t o  OWS of 700 t o  800 f e e t .  

The guidance and nav iga t ion  i s  based upon 
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Simulat ion r e s u l t s  i n d i c a t e  t h a t  t h e  proposed 
s t a t i o n  keeping guidance and nav iga t ion  system w i l l  o p e r a t e  
c o r r e c t l y  and very e f f i c i e n t l y .  The s t a t i o n  keeping correc- 
t i o n s  are expec ted  t o  be about 15 f t / s e c  f o r  s t a t i o n  keeping 
above t h e  OWS and about 7 ft/sec for  s t a t i o n  keeping i n  f r o n t  
of t h e  OWS. 

DAD 

KEM 
10 25-COG-dcs 



AGENDA FOR A A P  PRELII\./IINAltY DESIGN 1ZEVIEW 

MIT Instrumentation Laboratory:: 
June  10, 11, 12, 1969 

--I Tuesday, June  10: CSM Programs  ~- 

8:30 - 9:15 a .m.  
\ 

9:15 - 11:30 a .m.  

11:30 - 12:OO Noon 

12:OO - 1:00 p . m .  

1 : O O  - 2:OO p .m.  

2:30 - 3:30 p.m.  

3:30 - 3:45 p.nl .  

3:45 - 4:15 p.m. 

4:15 - 5:OO p.m. 

CSM Mission Operations Planning; 
AAP CSM Program List;' PDIZ 
Presentation Plans.  . . G. Stubbs, R. Werner  

Modifications of the Apol.10 CSM D A P  fo r  AAP:  
(1) State Est imator .  . . E ,  Jones 
( 2 )  RCS Control Laws. . . J .  Turnbull  
(3 )  Jet Select Logic. . . J .  Turnbull  
(4) Jet-inhibition Solution to Vehicle Rending 

Problem. . .,G. K a h n  
( 5) Low -thrust Guidance and Control Interaction. . . 

A .  Penchuk 

CSn4 D A P  Design Integration. . . J .  Turnbull  

LUNCH 

Assumed Design Specifications for  the CSM DAP. . . 
J.  Turnbull  

CSM GBrN for "2 -1 /2  Stages to Orbit". , . P. Philliou 

CSM-OWS Rendezvous.. .E .  Mul le r ,  P. Kachmar 

G&N fo r  CSM-OWS Orbit  Circularization. . . P. Plender  

Discussion of PDR Conclusions and Action Items. . . 
G. Stubbs. 

* 
All  meetings to be held in  the Second Floor  Classroom. 
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MIT Inst  runlentat ion Laboratory:: 
June  10, 11, 12, 1969 

Wednesday, ' June 11 : LR4 /ATM Programs 

8:30 - 9:15 a.m. LM/ATM Mission Operations Planning, P r o g r a m  List, 

9:15 - 11:30 a .m.  Modifications of the LM DAP fo r  AAP 

PDR Presentation Plans.  . . G. Stubbs, R. Werne r  

(1) State Est imator .  . . R. Rose 

\ 

a. Disturbance Acceleration Es t imator  
b. T r a p  Size 

(2)  RCS Control L a w s .  . . R. Rose 
(3) RCS Control Authority Computation. . . G. Kalan 
(4)  Jet Selection Logic.. . G. Kalan 

a .  Prevention of Attitude Loss  during Translat ion ' 

b. Jet Inhibition during Docking 
(5) Manual Modes. . . G. Kalan 
(6 )  Gimbal Lock Avoidance in Manual Modes. . , 

G. Ka lan  
(7) Jet Failure Detection. . . R. Rose 

11:30 - 12:15 p .m.  LM/ATM DAP Design Integration. . . G. Kalan 

12:15 - 1:15 p.m.  LUNCH 

1:15 - 2:15 p.m. A s s u m e d  LM/ATM DAP Requirements.  . . G. Kalan 

2:15 - 2:45 p .m.  Guidance -Autopilot Interface; Gimbal. Lock Avoidance. . . 
A. Klumpp 

2:45 - 3:15 p.m.  Prelaunch and Boost. . . R. White 

3:15 - 4:15 p.m.  Rendezvous Radar. . . L. B. Johnson 
(1) Rendezvous 
(2)  Station Keeping 

4:15 - 5:15 p .m.  LM/ATM Rendezvous. . . E. Muller,  P. Kachmar 

* All meetings to  be held in the Second Floor Classroom. 
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AGENDA FOR A A P  PRELIMINARY DESIGN ItEVIEW 

MIT In s t rum e n  tat  ion Laboratory:: 
June 10, 11, 12, 1969 

Thursday, June 12: LM/ATM Programs,  cont'd. 

8:30 - 9:00 a.m. LM/ATM RCS Thrusting fo r  Rendezvous Maneuvers . .  . 
\ 

Chung P u  

9:OO - lot30 a .m .  Station Keeping. . . D. Gustafson 

10:30 - 10:40 a .m.  Local Vertical  Steering. . . Chung P u  

10:40 - 1 1 : O O  a . m .  Conics and Integration. . . W. Robertson 

1 1 : O O  - 11:30 a .m.  Interfaces: Operational and Hardware. .  , R. Werner  

11:30 - 12:30 p .m.  Discussion of PDR Conclusions and Action I tems.  . . 
G. Stubbs. 

%c 
A l l  meetings to be held in the Second Floor  Classroom. 


